' ^ Angled Implant to Improve Kgk Qment Operation of Transistor 

l M s.H &S > Field of the Invention 

The present invention relates to semiconductor circuitry and in 
particular to improving the high current operation of a semiconductor circuit by 
implanting impurities at an angle to create a local implant with increased area 

Background of the. Tnrantinn 

Semiconductor junctions are often limited in their high current 
region of operation by leakage currents. In the case of bipolar transistors, as the 
collector current increases, electron and hole injection increases the base depth 
into the lightly doped collector region, thus reducing the gain of the transistor. 
Similar effects are observed in metal oxide semiconductor transistors. One 
method for improving the high current operation of bipolar transistors include 
increasing the collector doping concentration throughout its junction with the base 
via a perpendicular implant of appropriate doping through the base opening as 
shown in prior art Figure 1. The peak current at which transistor gain starts to 
drop off due to high current effects increases, but since the entire collector region 
vertically adjacent the base is more heavily doped, the base-collector capacitance 
is significantly increased. Ideally, high current operation should be niaximized 
and base-collector capacitance should be minimized for optimum performance. 
Similar effects are obtained by increasing the doping of the entire collector 
region. Since speed is of premium importance in such transistors, there is a need 
for a solution which does not degrade performance at high 5-equencies. 

A second method shown in prior art Figure 2 reduces the base- 
collector capacitance of the first method, which improves the high frequency 
response, by using a local implant through the emitter to increase the collector 
doping below the emitter opening only, where the carrier injection into the base 
mostly occurs at high currents. However, since the highest emitter current 
density occurs at the emitter edges, scattered carriers bypass the implant around 
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its perimeter, again causing transistor gain loss at high currents. There is a need 
for both improving the high frequency operation and the high current operation of 
bipolar transistors without adding many additional processing steps. 

5 Summary of the Invention 

A local collector implant of impurities is created in a bipolar 
transistor by angling the implant through an emitter opening. The localized 
implant covers an area larger man the emitter opening, thereby minimizing carrier 
injection around the perimeter of the implant at high currents. In addition to 

10 improved high current operation, high frequency operation is also improved over 
previous methods of increasing the entire collector doping concentration where it 
contacts the base or performing a conventional local collector implant through the 
emitter opening. Only one additional implant is required over normal bipolar 
transistor formation processes, and no additional masking is required. 

15 m one preferred embodiment, a standard ion beam source using 

phosphorus as the impurity for a npn transistor is used to perform the angled 
implant For a pnp transistor, a p source of impurities is used, such as boron. 
The impurities are accelerated from the ion source, and amass spectrometer is 
used to separate undesired impurities. A high energy, fairly narrow ion beam is 

20 focussed and scanned across the emitter opening at an angle to a line 

perpendicular to the surface of the emitter, resulting in a wider implant at the 
collector-base junction, which injected carriers have a harder time cicumventing. 
The angling of the beam is accomplished by tilting the silicon wafer on which the 
transistor is being formed with respect to the source of ions. 

25 

Rriftf nftsnri ption of t he Drawings 
Figure 1 is a cross section of a prior art semiconductor transistor showing 

an increased collector doping. 
Figure 2 is a cross section of a further prior art semiconductor transistor 
30 showing increased collector doping. 
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Figures 3-13 are cross sections of a semiconductor substrate at various stages, 
progressing from the initial substrate through the formation of a 
transistor having a collector implant in accordance with the present 
invention. 
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rwri ptim nf tf ~ Frnrretment 
In the following detailed description of the preferred ernbodirnent, 
reference is made to the accompanying drawires^hichfonnaparthaeotamlin 
vAich is shown by way of illustration specific prefared etnbodhr.^ in which 
10 the invention nw be practiced. Tbes* erdxtonts are described in sufficient 
detail to enable those skilled in the art to practice the invention, and it rs to be 
w6s ^ ooi to, oflrer emboinsuts may be ntiliz^ and to structural, log,cal 
and electrical changes may be made without departing from the spirit and scope 
of the present inventions. The Mowing detailed description is, therefore, not to 
15 be taken in a limiting sense, and the scope of fte pre^ inventions is defined 

only by the appended daims. 

Numbering in the Figures is usually done with the hundreds and 
thousands digits c«responding to the figure ™rrto, vvim the excec^cn that the 
satr* components n*y appear in mfltiple figures. Signals and connections may 

clear from the context of use. 

Figures 3 through 13 provide an overview of the steps involved in 
the formation of a typical npn bipolar transistor having an angled collector 
infant m accord^ Ln Figure 3, a p-type substrate 

25 ofsmcon310r^apadoxide312fo^ 

techniques. A p-well 3 14 is implanted via ion implant A silicon wafer will 
have many such substrates contained on it, with chc^try beir« forrr^d therein 
through multiple process steps as described below. 

In Figure 4, a photo resist layer 412 is applied and portions 

30 reeved to aUow me i^^^^ 
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eoUeCor The remaining photo resist is removed, aud, fa Figure 5, a new restst 
layer 512 is applied and selectively ren»ved to permit the implant of a collector 
tapiant tap at 5H. to Hgure 6, photo resist 612 is applied and selectively 
re^vedanda^plugeWand^Siearefc^bytaplantano^ 
5 tar^T.ar^^deTUandnitddeTMaredepos.tedand 
covered by a photo resist 716 which is selectively removed to allow formation of 
a thick oxide lay* where not covered by photo resist 716, arrf retain covered 
^ „f nitride 714. The thick oxide layer is formed via field oxidation as 
U^ed at 812 in figure 8. Photo res* 7!6 is then removed ^ Photo «* . 

FlgW6 9 In Figure 10, another photo resist layer 1012 is applied and 
1016 toW^-^'*"^* 1 "^*"?'!. 

remitter. TU^to*^*!"^"^ 1 *"*" 

m enrren, fiom travelling fiom the emto «o the Sector, M**" 

tm layers isnot greatly increased asin some prior ait approaches Wen 

^^^^^^^^ 
^ of the wafer. The effective strface areaof thecoOeaor nnplant ts 
greater than the surface area of the emitter opening, but less than the area of the 
25 base which is torizontafiy adjacent said collector. 

Aiq ^i..--«p«n»^«»» ta ^ tota,,,rf 

ions b angled as shown at 1018, with an incantation angle fiom an imaginary 
to which is perpendicuiar to the surf** of the substrate. 
derated fiom me ion source, and a mass speedometer ,s used to separate 
30 undesired unities. A high «*. «* narrow ion beam is fooussed and 
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^ scanned across the emUt* opening at an implantation angle ofabo«t20 U> 
30 degrees at the edge, of the emitter, resulting in a wider implant 1020 . wh,ch 
injected earner have a harder to ctanwendng. The energy level of the 

typically in the 50 to 150 keV range for most common processes. Forapnp 
^or.ap^ofuBpnriuesisu^suchasboroa 

Tto angling of the beam is a«x«npnshed by use of wafertUong 
— ion implanrton devices. 

LythLandsof— beingform* ^^"T*^ 

1 angle is varied * produce reduced doling levels at me edge, of the volant 
.oZoptol transistor high oKrent c^on. ^implantable** 
15 therangeof20to 30 degree frommep^dic*. In other er^bedn^s, 

^ than m to angles tot P^uce implao* apprc^ the » 
X base opening. Implanuttion hoizcntel surface gr«** 
llmaUy avaWu-gh the emitter 
20 « provide the benefits of rr^taunug appropria^ gains at high cur^ Once 

captive eflec* become too great, limiting the high r^cy response of the 
^ being formed. Shadows caused by opposite sides of 

may limit the angle that can be used especiaUy for deep coU^-base 
s jZii* Wsisanomercase^meat^emaybechangeddunng 

toil ^t B «^4»i^^» cf,,,,,4,, ** ,,L . 

Since ftecoUectortap is also exposed to the .on bean, a second 
coUecto, implant is formed at 1022 at about the same level of pene*auon as the 
increased collector doping under the emitter opening 1014 
30 To finish thetransistor and form contacts to the acave areas, a 
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thick n+ polysilicon layer is applied at 1 1 12 in Figure 1 1, and a n+ polysilicon 
implant 1 1 14 is done to form the emitter. It also provides for a good connection 
to the collector plug 614. In Figure 12, photoresist 1212 is applied and 
selectively removed to allow removal of unwanted areas of n+ polysilicon 1 1 12, 
5 leaving a pair of n+ polysilicon electrical contacts comprising n+ contact 1216 to 
the emitter 1114 and n+ contact 1218 to the collector plug 614. A pf implant 
1214 provides good contact to the base of the transistor which is now essentially 
formed In Figure 13, final oxide layer 1312 is deposited, and photo resist 
applied and selectively removed to form a mask for first etching the oxide and 

10 thai performing a metal deposition of electrical contacts comprising an emitter 
contact 1314, base contact 1316 and collector contact 1318 which extend through 
oxide 13 12 to contact the emitter, base and collector. 

It is to be understood that the above description is intended to be 
illustrative, and not restrictive. In many cases, the doping of semiconductor 

15 structures may be reversed on a wholesale basis to obtain similar functions. 
Many other embodiments will be apparent to those of skill in the art upon 
reviewing the above description The scope of the invention should, therefore, be 
determined with reference to the appended claims, along with the full scope of 
equivalents to which such claims are entitled 


